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ABSTRACT 


This report describes the surface wind speeds and structural damage caused by Hurricane Fran 
during its passage across North Carolina and Virginia on 5-6 September, 1996. Fran was a 
category 3 hurricane on the Saffir-Simpson scale, and estimated maximum sustained wind speeds 
were approximately 36 m/s at Kure Beach, NC, directly north of Cape Fear, the point of 
landfall. Gust speeds of up to 48 m/s were registered by the C-MAN station at Frying Pan 
Shoals, located approximately 60 km south-southeast of Cape Fear. Wind damage was extensive 
over the eastern sections of North Carolina and was caused primarily by falling trees. However, 
when the probable maximum wind speeds in Hurricane Fran are compared with 50-yr MRI 
speeds listed in performance-based design standards such as ANSI A58.1 or ASCE 7, it is clear 
that Fran was substantially less than a design event. There were 36 fatalities in Hurricane Fran, 
23 of them in North Carolina. Approximately 4,000 power poles were snapped off in North 
Carolina and 1,600 km of electrical distribution lines were down. The resulting outages affected 
more than 2 million customers in South Carolina, North Carolina and Virginia. In terms of 
losses, North Carolina suffered approximately $5 billion in damages, making Fran one of the 
more destructive hurricanes in recent years. Hurricane Fran caused extensive flooding in North 
Carolina, Virginia, West Virginia, Maryland, Pennsylvania and Ohio. Damage in Virginia and 
adjacent states was due in large part to local flooding rather than to the direct effects of wind. 


Key words: building technology; codes and standards; hurricanes; natural disasters; 
structural engineering; wind damage; wind engineering; wind loads 
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DISCLAIMER 


The statements and conclusions contained in this report are those of the contractor and 
do not necessarily reflect the view of the U.S. Government and, in particular, the National 
Institute of Standards and Technology or the Department of Commerce. Neither NIST nor the 
contractor make any warranty, express or implied, or assume any legal liability or responsibility 
for the accuracy, completeness or usefulness of any information, apparatus, product or process 
disclosed, or represent that its use would not infringe privately owned rights. They accept no 
responsibility for any damage that may result from the use of any information contained herein. 
The mentioning of manufacturers, professional firms, names, products, or the publication of 
performance data do not constitute any evaluation or endorsement by the U.S. Government, its 
agencies, or the contractor. 


iV 


TABLE OF CONTENTS 


PSR ING, Pe ees ee, ok he ee wee ill 
UES CU EN IAG WEE RIES en. oe aero a a vo iV 
PAB OOE. CONIBE Nii sionammemet ice cere te aye al aie oleae Wega tele ge alae Vv 
Distro PSA BLES mee ween We EE te ee ee vi 
PIS OF FIGURES#s.. = aie eet A ED cl ee ee vi 
LIST OF ACRONYMS @aqeiibe mierihwaly lise peremers came ater |... aly’. ix 
EeeeGuUlIVE SUMMA R ger re em RN ec ee ee ee X 
Baus. SINTRODUGCTION ie eo ee NTI Ve TIA... 1 
2.0 METEOROLOGICAL ASPECTS OF HURRICANE FRAN .............. 1 
or Oaire SOURGEMOLIWINDISPEED DATA: tnuimied suriene. Io winged . tA plat 2 
4.0 WIND SPEED ADJUSTMENTS FOR NON-STANDARD EXPOSURES ...... 5 
5.0 PROBABLE MAXIMUM SURFACE WIND SPEEDS ................. 5 
G:Olire SUMMARY“ OF WIND, DAMAGERIR OEE. 2 ce ee ee. 7 

6.1 Coastal Wind, Surge and Wave Damage ....................... 7 

6.2 Inland StructuraliDamagéerye) 25 F's sok ieee, RR CL. . 8. TAR 9 

633)) Power! Distribution)Systenisiae ie. wea a. ove 7. hos ons. . ou 12 

6.4 Other, Wind Damdce money. Bioe. argh bets, boven. . 4 90 13 
7.0. DESIGN-WIND/LOAD|JREQUIREMENIES tateaM .forl) wel tel. . 25 Qa 15 
8.0 MAJOR FINDINGS AND RECOMMENDATIONS ................. 16 

8.1 General"... .. doeriA, Spetarratn Ge. ROMA SIENA. . .\ ON 16 

8.2 Major hindines! 4 ie.ewiticy, 60) 6) see geet. saliva). . .4 9% 16 


8.3 Recommendations ©... 2°) skew 6 ee ee eee 17 


9.0.» REFERENGES °s2 iets ihe te ee sae nar: ne 17 
10.0% ACKNOWLEDGMENTS™®™. 27. Gi 2..3.. S20 7OTORM, GE, . DO: ee eee 18 
APPENDIX A: Compilation of Wind Speed Records ...................... 19 
APPENDIX B: Adjusted Wind Speeds for Selected Anemometer Sites ........... 43 


LIST OF TABLES 


Table 1. Estimated Minimum Pressures and Maximum Sustained Speeds 

Along Storm Track Approaching and Following Landfall ............ 3 
Table 2. Adjusted Sustained Speeds at 10 m For Selected Anemometer Sites 

Affected by Hurricane Fran .....2..4.4...« % . Wa eee 6 
Table 3. Financial Assistance Provided to Selected Counties in North Carolina .... 14 
Table A-1. Summary of Surface Pressures and Wind Speeds in Hurricane Fran ..... 20 


Table B-1. Adjusted Sustained Speeds at Selected Sites for Over-water 
or Over-land Exposures 5 57-55 .. .). 7 i) ee oe 4a 


LIST OF FIGURES 


Figure 1. Hurricane Fran’s Storm Track for Period 23 August to 8 September, 1996 . 2 


Figure 2. GOES East Infrared Image at 0115 UTC on 6 September, 1996 ........ 4 
Figure 3. Surge and Wave Damage, North Carolina Coastal Area ............. 8 
Figure 4. Damaged Manufactured Home, North Topsail Beach ............... 8 
Figure 5. First Baptist Church, Market Street, Wilmington.................. 9 
Figure 6. Aircraft Hangar, Wilmington International Airport................ 10 
Figure 7. Aircraft Hangar, Wilmington International Airport................ 11 
Figure 8. Gasoline Pump Canopy, US 421 Northwest of Wilmington .......... 11 


Vi 


Figure 9. 


Figure A-1. 


Figure A-2. 


Figure A-3. 


Figure A-4. 


Figure A-5. 


Figure A-6. 


Figure A-7. 


Figure A-8. 


Figure A-9. 


Figure A-10. 


Figure A-11. 


Figure A-12. 


Figure A-13. 


Figure A-14. 


House Damaged by Fallen Trees Along US 17 Northeast of Wilmington 


Record of mean wind speed and direction, 
Data Buoy 41002 .aeeioomh tee bone Ree pon TO biogerl, ..0h-f. Sty 
Record of gust speed and barometric pressure, 

Datai Buoy 4100 2ageeee SR as Foe Jeng PO yIPQAN, ..\ i Spe 
Record of mean wind speed and direction, 

Data Buoy 41004. ce wARD.Que Deere barry apat 7Q PIpgey, ..7\-A Se 
Record of gust speed and barometric pressure, 

DatatBuoyi4 L004) eee ee Oe Pg 1G IO, La 
Record of mean wind speed and direction, 

Folly: Island‘ C-MAN@SGaiko. fam Drom EW son 20 YIOyAy!, ..yve th OP 
Record of gust speed and barometric pressure, 

Folly, Island:t@-MANeeSC@aormimenred, bas baade we09 IQ POU, ode BOIS 
Record of mean wind speed and direction, 

Frying Pan Shoals CeMANRNG& Doce OHI .Geo JO DIOP . 2a oe 
Record of gust speed and barometric pressure, 

Frying}Pan Shoalss@-MANMNG#. Dee. Sor Vai. RAVI? oe 
Record of mean wind speed and direction, 

Kure’ Beach,-NC  -9@0iyaaria ek Dome ee meer 10 Toga, . Pe RE, 
Record of gust speed and direction, 

KuresBeach, NGevtipee rnc ee A ID PIO OYE Les, 50, 
Record of mean wind speed and direction 

Wilmington (ASOS), #NGiate: (at. 29a ee, RE > PIO). Sp, TH 
Record of gust speed and direction, 

Wilmington (ASOS)W#NGaiennees: bare, hone. WEY. 1 Pew). ay. Me 
Record of mean wind speed and direction, 

Nonberopsall Beach aN Gm ce ae etna Wmeranem eal. cg. Gt 
Record of mean wind speed and direction, 

Cape Lookout C-MAN, NC 


¢ @ © © © 6 & Se) 6: o wi ee « 8 Oe hell eel Ue ll elUlUlelhlU lf 


Vil 


Figure A-15. 


Figure A-16. 


Figure A-17. 


Figure A-18. 


Figure A-19. 


Figure A-20. 


Figure A-21. 


Figure A-22. 


Figure A-23. 


Figure A-24. 


Figure A-25. 


Figure A-26. 


Figure A-27. 


Record of gust speed and barometric pressure, 


@apetiookout,C-MAN; ING) on oe eee: ele ee 36 
Record of mean wind speed and direction, 

MCAS New 'River;;NC. (0). i448, Se ee 37 
Record of gust speed and barometric pressure, 

MGAS New jRiver,-NC.) .? gee Beets: Slee ns ow eee 37 
Record of mean wind speed and direction, 

MCAS ‘Cherry. Point; "NC 3a. <>. ee oe 38 
Record of gust speed and direction, 

MCAS: Gherry: Points; NC use ee een A opel 1) eo ee 38 
Record of mean wind speed and direction, 

Diamond Shoals LS'C-MAN,/NG 2... ...... .: -gueRen 39 
Record of gust speed and barometric pressure, 

Diamond Shoals LS.C-MAN, NG) 2... 0.0... 7.59.2 See 39 
Record of mean wind speed and direction, 

Duck: Pier; C-MAN, NG... “acid ee Se hee eee . 40 
Record of gust speed and barometric pressure, 

Duck Pier C-MAN} NGG) 12 nee fo. ee ee oe 40 
Record of mean wind speed and direction, 

Chesapeake. LS C-MAN? VA | (7212) /o2be 83S Corceaiver. 1a 41 
Record of gust speed and barometric pressure, 

Chesapeake. LS'C-MAN AV Awee > 2S eee a 41 
Record of mean wind speed and direction, 

Thomas:Point:C-MAN#MD.9 = 2) eee Meeen. ts 2... ee 42 
Record of gust speed and barometric pressure, 

Thomas Point C-MANS MDE ty = 35) See eee cnn 42 


Vili 


ANSI 


ASCE 


ASOS 


C-MAN 


FEMA 


LDT 


NCDC 


NDBC 


NESDIS 


NFIP 


NHC 


NIST 


NOAA 


NWS 


UTC 


LIST OF ACRONYMS 
American National Standards Institute, Inc. 
American Society of Civil Engineers 
Automated Surface Observing System 
Coastal Marine Automated Network 
Federal Aviation Administration 
Federal Emergency Management Agency 
Hurricane Research Division 
Local Daylight Time 
Mean Recurrence Interval 
National Climatic Data Center 


National Data Buoy Center 


National Environmental Satellite, Data and Information Service 


National Flood Insurance Program 


National Hurricane Center 


National Institute of Standards and Technology 


National Oceanic and Atmospheric Administration 


National Weather Service 


Universal Coordinated Time 


EXECUTIVE SUMMARY 


Hurricane Fran was a category 3 hurricane on the Saffir/Simpson Hurricane Scale that 
made landfall near Cape Fear, North Carolina, at approximately 0030 UTC on 6 September, 
1996 (2030 EDT on 5 September). Fran caused 36 deaths, 23 of them in North Carolina, and 
resulted in serious flooding as far north as Pennsylvania and Ohio. Damages have been put at 
more than $5 billion, making Fran one of the more destructive hurricanes in recent years. The 
strongest winds occurred along the North Carolina coast from Cape Fear to Cape Lookout, but 
damaging winds persisted inland as far as the Raleigh-Durham area, a distance of approximately 
250 km. Maximum sustained wind speeds are estimated to have reached 35.8 m/s along the 
North Carolina coast at Kure Beach. However, most of the structural damage in this area was 
caused by a combination of wind, storm surge, and wave attack. With regard to storm surge, 
it was determined that storm surge elevations exceeded the National Flood Insurance Program 
(NFIP) base flood elevations from Kure Beach to North Topsail Beach along approximately 80 
km of coastline. The recorded maximum high water, assumed to include wave effects, was 4.7 
m above mean sea level at Kure Beach. The maximum storm surge elevation, as measured 
inside a structure without wave effects, was 3.6 m above mean sea level at Figure 8 Island. 
Directly inland from the coast the estimated maximum sustained wind speed at the Wilmington 
International Airport ASOS was 30.7 m/s, and the intensity of wind damage was far less severe 
than the damage observed in the adjacent coastal area. 


Because the wind speeds in Hurricane Fran during its overland travel were relatively low, 
most anemometer sites survived to produce useful wind speed data. In addition, the presence 
of data buoys and C-MAN stations operated by the National Data Buoy Center (NDBC) 
produced detailed and highly reliable data on wind speed, wind direction, surface pressure, and 
wave height. Additionally, ASOS stations along the hurricane track produced detailed records 
of wind speed and direction. Unfortunately, not all of these stations continued to function 
throughout the storm when commercial power failed. These sources of wind data were 
augmented by NWS and FAA stations located along the over-land segment of the storm track. 


Design wind speeds associated with or implied by the North Carolina State Building Code 
were originally based on the wind speed distribution map of ANSI A58.1-1972. Unfortunately, 
a direct relationship between recommended design wind speeds from performance-based 
standards such as ANSI A58.1 and the prescriptive-based requirements found in most building 
codes covering light wood-frame construction usually does not exist. An additional complication 
can be the fact that building stocks reflect the accumulated influence of past code provisions that 
may no longer apply or that have been revised substantially over the years. For coastal North 
Carolina, the design wind speed indicated by ANSI A58.1 is 49.2 m/s. The design wind speed 
reduces to 47.7 m/s over Wilmington with a further inland reduction to 31.3 m/s to the west of 
Raleigh. These design speeds correspond to an annual probability of 0.02 of being equalled or 
exceeded. Put another way, they correspond to a mean recurrence interval (MRI) of 50 years. 
Comparing the recommended design speeds with the probable maximum sustained speeds in 
Hurricane Fran, it can be seen that Fran was substantially less than a design event with fairly 


modest wind speeds during and following landfall. Nevertheless, the total damage in excess of 
$5 billion makes Fran one of the more destructive hurricanes in recent years. 
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10 INTRODUCTION 


Hurricane Fran was a category 3 hurricane on the Saffir/Simpson Hurricane Scale (1974) 
that made landfall near Cape Fear, North Carolina, at approximately 0030 UTC on 6 September, 
1996 (2030 EDT on 5 September). Hurricane Fran caused 36 deaths, 23 of them in North 
Carolina, and resulted in serious flooding as far north as Pennsylvania and Ohio. Damages have 
been put at more than $5 billion, making Fran one of the more destructive hurricanes in recent 
years. The strongest winds occurred along the North Carolina coast from Cape Fear to Cape 
Lookout, but damaging winds persisted inland as far as the Raleigh-Durham area, a distance of 
approximately 250 km. Maximum sustained wind speeds are estimated to have reached 35.8 m/s 
along the North Carolina coast. However, most of the structural damage in this area was caused 
by a combination of wind, storm surge, and wave attack. Directly inland from the coast, wind 
damage was far less severe. 


This report presents a summary of the meteorological aspects of Hurricane Fran, 
tabulations of observed wind speeds, descriptions of the structural damage, and comparisons 
between probable maximum wind speeds and the design wind speeds required by contemporary 
performance-based design standards such as ASCE 7-95. All times referenced in this report are 
in Universal Coordinated Time (UTC). To obtain local (eastern) daylight time, subtract 4 hours 
from the indicated time (EDT = UTC - 4). Unless noted otherwise, wind speeds are sustained 
speeds averaged over a period of one minute. 


2.0 METEOROLOGICAL ASPECTS OF HURRICANE FRAN 


Hurricane Fran had its origin in a tropical wave off the west coast of Africa on 22 
August, 1996, and became a tropical depression on the following day. This tropical depression 
moved westward over the next four days and became Tropical Storm Fran at 0000 UTC on 27 
August while still east of the Lesser Antilles. Fran attained hurricane strength at 0000 UTC on 
29 August and again on 31 August after being affected by the circulation of Hurricane Edouard 
located to the west and north. By 4 September, Hurricane Fran was located north of the 
Bahamas, moving to the northwest at approximately 18 km/h. At 0000 UTC on 5 September, 
Fran was located approximately 600 km south-southeast of Cape Fear, North Carolina, with 
maximum sustained winds of about 54 m/s and a central pressure of 94.6 kPa. At the time of 
landfall some 24 hours later, Hurricane Fran was moving northward with a forward speed of 
approximately 28 km/h, the central pressure had increased to 95.4 kPa, and the maximum 
sustained speeds were estimated at 51 m/s. Landfall occurred near Cape Fear, North Carolina, 
at approximately 0030 UTC on 6 September (2030 EDT on 5 September). 


Over the next 24 hours Fran moved across North Carolina and Virginia, weakening to 
a tropical storm and tropical depression prior to moving across West Virginia and western 
Pennsylvania. Heavy rainfall was recorded along the storm track, producing serious flooding 
in North Carolina, Virginia, West Virginia, Maryland, Pennsylvania and Ohio. This system 
became extratropical at about 0000 UTC on 9 September while centered over southern Ontario, 


and was absorbed into a frontal system the following day. Hurricane Fran’s storm track for the 
period 23 August to 8 September, 1996, is shown in Figure 1. Table 1 lists the minimum 
pressures and maximum sustained speeds, as estimated by the National Hurricane Center (NHC), 
along the storm track approaching and following landfall. For a more detailed description of 
the storm track, see Mayfield (1996). Figure 2 shows a GOES East infrared image taken at 
0115 UTC 6 September, 1996, shortly following landfall. 
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Figure 1. Hurricane Fran’s Storm Track for the Period 23 August to 8 September, 1996 
(Source: NOAA/NHC). 


3.0 SOURCES OF WIND SPEED DATA 


Because the wind speeds in Hurricane Fran during its overland travel were relatively low, 
most anemometer sites survived to produce useful wind speed data. In addition, the presence 
of data buoys and C-MAN stations operated by the National Data Buoy Center (NDBC) 
produced detailed and highly reliable data on wind speed, wind direction, surface pressure, and 
wave height. Additionally, ASOS stations along the hurricane track produced detailed records 
of wind speed and direction. Unfortunately, not all of these stations continued to function 
throughout the storm when commercial power failed. These sources of wind data were 
augmented by NWS and FAA stations located along the over-land segment of the storm track. 


Table 1. Estimated Minimum Pressures and Maximum Wind Speeds Along 
Storm Track Approaching and Following Landfall (Mayfield 


1996). 
Date & Time Position Pressure Sustained 
Speed 
(UTC) Lat (°N) Lon (°W) (kPa) (m/s) 
4 September, 1996 
OO00% .* oor La a ASA A 48.9 
0600 26.4 TAL yay) 9 5A 3 51.4 
1200 anit U) 14.04 95-26 54.0 
1800 OMG Foot | of DST, OS 72 54.0 
5 September 
0000 2000 PAS ih 94.6 54.0 
0600 298 76.7 SAS ye 54.0 
1200 gls.' 0 RT Ae 95.4 Sle 
1800 Bano 7728 we bh) my? 51.4 
6 September 
0000 epee y/ 7 BenO 95.4 51.4 
0600 Sores Ae al | 70 33.4 
200% ** BGry7 0 9825 20.6 
LOO ep x 355 sca) 79.4 2014.5 15.4 
7 September 
0000 BIGk 2 exe) 100.0 15.4 
0600 40.4 80.4 LG:0 . a 15.4 
Notes: 
* HUY Pvecie 
* Tropical storm 


**k*x Tropical Depression 


Figure 2. GOES East Infrared Image at 0115 UTC 6 September, 1996 (Source: 
NOAA/NESDIS). 


In the several months following Hurricane Fran, various sources of data became 
available, including data sets of the National Climatic Data Center (NCDC) and the NDBC 
archives noted above. Additionally, local NWS offices provided records, including ASOS 
records, when such information was available. These data are summarized in Table A-1 of 
Appendix A. Unless noted otherwise, the mean wind speeds listed in Table A-1 are based on 
an averaging time of 1 minute. Mean wind speeds obtained from C-MAN stations and from 
ASOS sites are based on a 2-minute averaging time while mean speeds obtained from data buoys 
are based on an 8-minute averaging time. Gust averaging times depend on the response 
characteristics of the anemometer/recording system and typically range from 3 to 5 seconds. 
For C-MAN, ASOS and data buoy stations, the gust averaging time is established at 5 seconds. 


For certain stations listed in Table A-1, periodic or continuous records of wind speed 
were available over intervals of several hours, and these wind speed records are plotted in 


Figures A-1 to A-27 of Appendix A. In each case, the data are "raw" data, uncorrected for 
anemometer height, surface roughness, or for wind speed averaging time. 


4.0 WIND SPEED ADJUSTMENTS FOR NON-STANDARD EXPOSURES 


As noted previously, the wind speeds listed in Table A-1 and plotted (as available) in 
Figures A-1 to A-27 in Appendix A are "raw" data and have not been adjusted for standard 
conditions. As used in this report, standard conditions are taken to mean a wind exposure in 
flat, open terrain with a surface roughness length of Z, = 0.03 m and an anemometer height of 
10 m. For those stations having an over-water exposure, the surface roughness length is 
dependent upon wave height. Wind speed adjustments of this nature have become a routine part 
of the post-disaster assessment of surface wind speeds (Powell et al. 1996, Marshall and 
Schroeder, 1997). In Table B-1 of Appendix B, wind speeds for selected sites (listed in Table 
A-1 of Appendix A) have been adjusted to standard conditions. These adjustments were carried 
out using conventional models of the lower atmospheric boundary-layer (Simiu and Scanlan 
1995, ESDU 1995). In each case, the procedure consisted of the following steps: 


o Assume an hourly mean reference wind speed for the selected surface roughness length 
(over-land or over-water). 


o Assess the fetch upwind of the site by surface roughness length, longitudinal extent, and 
number of changes in surface roughness length. 


o Calculate the wind speed at the site for the actual anemometer height and wind speed 
averaging time. 


o Adjust the assumed hourly mean reference speed so that the calculated wind speed at the 
site matches the corresponding observed speed. 


o Calculate a gust speed consistent with the actual anemometer height, instrument response 
time and upwind exposure. 


o Compare this calculated gust speed with the observed peak gust. Large differences may 
suggest a reassessment of the upwind exposure. 


o Calculate the corresponding sustained wind speed (one-minute average) at a height of 10 
m for the selected surface roughness length (over-land or over-water). 


5.0 PROBABLE MAXIMUM SURFACE WIND SPEEDS 


Results of the wind speed adjustments to standard conditions for selected anemometer 
sites affected by Hurricane Fran are summarized in Table 2. These wind speeds correspond to 
maximum sustained speeds (1-minute average) at a height of 10 m over an open-water exposure 
or over flat, open country (z, = 0.03 m). 


Table 2. Adjusted Sustained Speeds at 10 m for Selected 
Anemometer Sites in Hurricane Fran. 


Station Name Exposure Sustained Speed 
(m/s) 
Folly Island (FBIS1) water 129 
Frying Pan Shoals (FPSN7) water 3652 
Kure Beach water 3a 
Wilmington (ILM) land 307 
North Topsail Beach water 3356 
Cape Lookout (CLKN7) water 30.4 
New River MCAS (KNCA) land 32a 0 
Cherry Point MCAS (KNKT) land 200 
Diamond Shoals (DSLN7) water PASE 7, 
Duck Pier (DUCN7) water 20n°5 
Chesapeake LS (CHLV2) water 18.6 
Thomas Point (TPLM2) water 162 


Note: Sustained speeds are averaged over one minute. 


From the wind speeds listed in Table 2 it can be seen that the highest estimated sustained 
speed at 10 m above water was 36.2 m/s at Frying Pan Shoals C-MAN station. At the 
approximate time of landfall, the corresponding speed at Kure Beach was 35.8 m/s. Further to 
the north and inland at the Wilmington International Airport ASOS site, the estimated maximum 
sustained speed at a height of 10 m was 30.7 m/s. Other estimated maximum sustained speeds 
are 33.6 m/s at North Topsail Beach, 32.0 m/s at the MCAS New River ASOS, and 28.1 m/s 
at the MCAS Cherry Point ASOS. At the Cape Lookout C-MAN station the estimated 
maximum sustained speed at 10 m was 30.4 m/s. For additional information on the surface 
wind field, see Houston and Powell (1997). 


6.0 SUMMARY OF WIND DAMAGE 


Although Hurricane Fran covered a wide area involving several states, the intensity of 
damage was moderate when compared with damage intensities associated with other recent 
landfalling hurricanes. The exception is the coastal area from Cape Fear to Cape Lookout in 
North Carolina where storm surge and superimposed waves caused severe dune and beach 
erosion, local scour and structural damage. Beyond the coastal areas of North Carolina the 
primary cause of structural damage was falling trees. The following sections of this report 
provide descriptions for four categories of damage/losses. 


6.1 Coastal Wind, Surge and Wave Damage 


In the days following landfall of Hurricane Fran, the Federal Emergency Management 
Agency (FEMA) dispatched a building performance assessment team to North Carolina to assess 
the effects of coastal winds, storm surge and wave action on beaches, dunes and constructed 
facilities in the coastal area extending from Cape Fear northeast to Cape Lookout, a distance of 
approximately 150 km. Findings from this study, some of which are summarized in the 
following paragraphs, are presented in Building Performance Assessment Report 290 (FEMA 
1997). 


With regard to storm surge, it was determined that storm surge elevations exceeded the 
National Flood Insurance Program (NFIP) base flood elevations from Kure Beach to North 
Topsail Beach along approximately 80 km of coastline. The recorded maximum high water, 
assumed to include wave effects, was 4.7 m above mean sea level at Kure Beach. The 
maximum storm surge elevation, as measured inside a structure without wave effects, was 3.6 
m above mean sea level at Figure 8 Island. 


In many locations, particularly from Topsail Beach to North Topsail Beach, localized 
frontal dunes were eroded and the beach profile was lowered by as much as 1 m. Beach erosion 
caused by Hurricane Fran was exacerbated by previous dune erosion caused by Hurricane Bertha 
which made landfall in the same general area some 2 months earlier. 


The primary types of buildings in the coastal area consist of one- and two-family wood 
frame dwellings of one to three stories, elevated on timber piles. In fact, since the 1960’s, most 
houses on the barrier islands of North Carolina have been constructed on timber piles. 


The combined effects of beach erosion and scour resulted in the collapse of more than 
100 homes founded on shallow pile foundations in the area extending from Topsail Beach to 
North Topsail Beach. In general, wood-frame structures on elevated pile foundations 
outperformed all other types of foundations, including masonry piers, solid perimeter masonry 
walls, and slab-on-grade systems. The lack of sufficient embedment of vertical foundation 
members for items such as decks, porches, and roof overhangs resulted in the collapse of several 
hundred of these building extensions. Typical damage to wood-frame structures in the affected 
coastal area can be seen in Figures 3 and 4. 


Figure 4. Damaged Manufactured Home, North Topsail Beach (Source: FEMA). 


According to the FEMA field study, manufactured home foundation and anchoring 
systems performed poorly with a failure rate of approximately 50 percent of manufactured homes 
and recreational vehicles (RV’s) observed at Surf City and North Topsail Beach. Apparently 
the preferred foundation system (piers) consisted of stacked concrete masonry units without 
mortar, while the anchorage systems generally depended upon metal strapping attached to auger- 
type soil anchors equipped with 102 mm helix plates and a 610 mm shaft length. Observed 
failure mechanisms were the undercutting of pier footings due to scour, pull-out of the shallow 
soil anchors by wind and wave forces, or these two mechanisms combined. 


Previous work has established very clearly the inadequacy of the above-described 
anchoring system (Marshall 1994). That such a system was widely used in a coastal area is 
indeed disturbing. Given existing criteria for scour protection and recent performance-based 
criteria for the design of manufactured home foundation and anchoring systems (Marshall and 
Yokel 1995), the expectation should be for far better performance in future extreme events. 


6.2 Inland Structural Damage 


Figure 5. First Baptist Church, Market Street, Wilmington. 


While numerous occurrences of significant structural damage were observed inland from 
the coastal area of New Hanover, Pender and Onslow Counties, the general level of structural 
damage in these areas was moderate when compared with inland damage in other recent 
landfalling hurricanes. Perhaps the most spectacular structural failure in the Wilmington area 
was that of the east spire of the First Baptist Church on Market Street, as shown in Figure 5. 
The view is to the east-northeast, the approximate direction of the wind at the time the east spire 
failed. 


A recently-completed light-aircraft hanger located near the south boundary of Wilmington 
International Airport is shown in Figure 6. The view is to the north-northwest. Another view 
of the opposite side of the failed hangar is shown in Figure 7 looking to the southwest. 
Maximum sustained wind speeds in this area were approximately 31 m/s. At the time of failure 
the winds were from the east, and it is likely that failure initiated in the end-bay purlins 
(subjected to combined axial thrust and uplift forces) or in the purlin-end wall connections. 
Loads on these purlins and their connections probably were increased with failure of the door 
near the windward face of the hanger as can be seen in Figure 6. 


Figure 6. Aircraft Hangar, Wilmington International Airport (view to northwest). 
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Figure 7. Aircraft Hangar, Wilmington International Airport (view to southwest). 


Figure 8. Gasoline Pump Canopy, US 421 Northwest of Wilmington. 
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Typical of numerous failures of light commercial construction in the Wilmington area is 
the gasoline pump canopy shown in Figure 8. However, this particular structure suffered from 
severe internal corrosion of the square-tube supporting columns as could be observed at the 
failure points directly above the concrete service island. This site is located 25 km to the 
northwest of Wilmington along US 421. 


The most common damage mechanism observed in the Wilmington area as well as in the 
Raleigh-Durham area some 250 km inland to the northwest is shown in Figure 9. Falling trees 
took a heavy toll on most forms of construction, single-family dwellings in particular. The fact 
that Hurricane Bertha brought heavy rainfall to the area about two months prior to Fran may 
have increased the potential for uprooting trees in Hurricane Fran. 


Figure 9. House Damage by Fallen Trees Along US 17 Northeast of Wilmington. 
6.3 Damage to Power Distribution Systems 

According to FEMA, more than 2,000,000 customers in South Carolina, North Carolina 
and Virginia were left without electric service immediately following Hurricane Fran. Of these 


outages, 1.7 million were reported to be in North Carolina and approximately 400,000 were 
reported in Virginia. Significant disruptions of electric service were experienced in the 
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immediate Wilmington area (New Hanover County), and to the northeast along US 17 in Pender 
and Onslow Counties. In Carolina Power and Light’s (CP&L) eastern region, more than 2,300 
power poles were broken and approximately 500 miles of distribution lines were down. It was 
reported that more than 4,000 power poles failed statewide, and that approximately 1,600 km 
of distribution lines were down (Wilmington Morning Star, 09/10/96). 


As of September 8, 1996, FEMA reported the following situation with regard to electrical 
service in the affected areas: "The number of customers without power is slightly over one 
million. Virginia Power has made substantial progress in restoring service to the thousands of 
customers left without power. The total number of Virginia customers without power is now 
about 181,000. The total number for North Carolina outages is about 729,000 customers. 
CP&L reports that 383,000 customers are still without electric power, down from a peak of 
670,000. Duke Power, in North Carolina, reported yesterday that 120,000 customers were still 
without power. At the peak outage, Duke Power reported approximately 330,000 customers 
were without power. North Carolina Power reported 4,000 customers without service in the 
Roanoke Valley." 


The CP&L Brunswick nuclear power plant, located approximately 40 km southwest of 
Wilmington, was shut down prior to hurricane landfall and suffered some wind damage to the 
roof membrane on the generator building. Eighteen of 28 rural cooperatives operating in the 
affected area reported damage to power distribution systems. On September 13, one week after 
hurricane landfall, FEMA reported only about 77,000 households in isolated pockets of North 
Carolina remained without electric power. Immediately following landfall, it was estimated that 
96 percent of the state was without electric service. 


6.4 Other Wind Damage 


Damages to homes and businesses in North Carolina were estimated at approximately 
$2.3 billion, and damage to roads, bridges, utilities, debris removal were estimated at $1.1 
billion. Agricultural losses in the state were put at over $700 million with forestry losses 
estimated at an additional $1 billion. Thus the total damage due to Hurricane Fran in North 
Carolina was put at approximately $5 billion. Financial assistance provided to selected counties 
in North Carolina by number of cases and dollar amount is summarized in Table 3 for four 
categories of assistance. These figures reflect both the wind intensity and the wind hazard 
potential represented by heavily developed and populated counties. It is interesting to note that 
while New Hanover County (Wilmington) was most directly affected by the strong onshore 
winds in Hurricane Fran, extensive losses occurred as far inland as Wake County (Raleigh), 
approximately 250 km to the north-northwest. As noted previously, most of the wind-caused 
damage in Wilmington as well as in the Raleigh-Durham area appeared to be the direct result 
of fallen trees. 
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7.0 DESIGN WIND LOAD REQUIREMENTS 


Design wind speeds associated with or implied by the North Carolina State Building Code 
were originally based on the wind speed distribution map of ANSI A58.1-1972. More recently, 
code revisions have been based on recommended design speeds and other wind load provisions 
of ASCE 7, the successor to ANSI A58.1. The main purpose in conducting field studies of 
building performance following extreme events such as Hurricane Fran is to assess the adequacy 
of wind load design requirements of the applicable building code, the enforcement of those 
requirements, and the quality of local construction practices. Unfortunately, a direct relationship 
between recommended design wind speeds (performance-based standards such as ASCE 7) and 
the prescriptive-based requirements found in most building codes covering light wood-frame 
construction usually does not exist. An additional complication can be the fact that building 
stocks reflect the accumulated influence of past code provisions that may no longer apply or that 
have been substantially revised over the years. 


Given this set of circumstances, it generally is the case that comparisons between 
observed or corrected wind speeds in an actual extreme event such as Hurricane Fran can only 
be made with recommended design wind speeds listed in performance-based standards such as 
ASCE 7 or its predecessor ANSI A58.1. And the degree to which the conclusions reached 
therefrom apply to actual construction is critically dependent upon how well the prescriptive 
requirements of the local building code reflect those recommended design wind speeds. With 
this background, wind speeds at selected sites affected by Hurricane Fran are compared with 
certain recommended design wind speeds in the following paragraph. 


Previous to the most recent edition of ASCE Standard 7 (ASCE 7-95), design wind 
speeds listed in ASCE 7 and in ANSI A58.1 were fastest-mile speeds at a height of 10 m over 
flat, open country, designated as exposure category C. This speed is averaged over the time 
required for a mile-long column of air to pass a fixed point and corresponds exactly to the one- 
minute sustained wind speed at a speed of 26.8 m/s (60 mph). Although these two measures 
of wind speed (sustained and fastest-mile) diverge above 26.8 m/s, they can be used 
interchangeably in modestly high speeds without significant error. For coastal North Carolina, 
the design wind speed indicated by ANSI A58.1 is 49.2 m/s, reducing to 47.7 m/s over 
Wilmington, and with a further inland reduction to 31.3 m/s to the west of Raleigh. These 
design speeds correspond to an annual probability of 0.02 of being equalled or exceeded. Put 
another way, they correspond to a mean recurrence interval (MRI) of 50 years. Comparing the 
recommended design speeds with those speeds listed in Table 2, it can be seen that Hurricane 
Fran was considerably less than a design event with fairly modest wind speeds during and 
following landfall. Nevertheless, the total damage in excess of $5 billion makes Fran one of the 
more destructive hurricanes in recent years. 
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8.0 MAJOR FINDINGS AND RECOMMENDATIONS 
8.1 General 


This report has described the development, translation, landfall and dissipation of 
Hurricane Fran over the period 22 August to 10 September, 1996. Sources of wind speed 
observations have been identified and described. For certain anemometer sites affected by 
Hurricane Fran, wind speed observations have been adjusted for standard conditions of exposure, 
defined here as a height of 10 m above flat, open country with a typical surface roughness length 
of z, = 0.03 m, or an over-water exposure with z, dependent upon wave height. These adjusted 
speeds have been compared with the 50-yr design wind speeds listed in performance-based 
standards such as ANSI A58.1 and ASCE 7. 


Typical structural damage observed in the area of hurricane landfall has been described 
and documented. And special emphasis has been given to observed building performance in the 
North Carolina coastal area where the processes of wind, storm surge and wave attack caused 
dune and beach erosion, scour and direct damage to structures. 


8.2 Major Findings 
The following major findings are a result of the field study described in this report: 


o Total damage to the area affected by Hurricane Fran exceeded $5 billion, making Fran 
one of the more destructive hurricanes in recent years. 


o Immediately after landfall more than 2,000,000 customers in South Carolina, North 
Carolina and Virginia were without electric power. 


o In North Carolina more than 4,000 utility poles were broken, and approximately 1,600 
km of electric power distribution lines were down. 


o In the North Carolina coastal area extending from Cape Fear in the southwest to Cape 
Lookout in the northeast, maximum surge heights of 3.6 m were observed. Storm surge 
elevations exceeded the National Flood Insurance Program (NFIP) base flood elevations 
from Kure Beach to North Topsail Beach along approximately 80 km of coastline. 


o In general, wood-frame structures on elevated pile foundations in the coastal area 
outperformed all other types of foundations (masonry piers, solid perimeter masonry 
walls and slab-on-grade). 


o Manufactured home foundation and anchoring systems performed poorly in the coastal 


area. A failure rate of approximately 50 percent of manufactured homes and recreational 
vehicles (RV’s) was observed at Surf City and North Topsail Beach. 
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o Maximum sustained winds (averaged over 1 minute) at a height of 10 m ranged from 


8.3 


36.2 m/s at the Frying Pan Shoals C-MAN station to 35.8 m/s at Kure Beach. Inland, 
the adjusted maximum sustained speed at the Wilmington International Airport ASOS was 
30.7 m/s. 


A comparison of 50-yr design wind speeds contained in performance-based standards 
such as ANSI A58.1 and ASCE 7 suggest that Hurricane Fran was substantially less than 
a design event and that the observed extreme wind speeds in the affected area were 
relatively moderate. 


Recommendations 


The following recommendations are offered in view of the fact that Hurricane Fran was 


substantially less than a design event: 


9.0 


o The poor performance of manufactured homes observed at Surf City and North Topsail 


Beach, North Carolina, is not surprising given the types of foundation and anchoring 
systems used at the time of Hurricane Fran. Criteria for scour protection of piers and 
performance-based criteria for the design of manufactured home foundation and 
anchoring systems are available and should be implemented. 


There is a continuing need to improve the reliability of wind speed observations in 
extreme wind events. Although the ongoing deployment of ASOS has been most helpful 
in promoting uniformity of wind speed measurements, the fact remains that these 
installations are highly vulnerable due to their total dependence on local commercial 
power, usually the first service to be lost following hurricane landfall. 


REFERENCES 


ANSI (1972). American National Standard A58.1-1972, Minimum Design Loads for Buildings 
and Other Structures. American National Standards Institute, Inc., New York, NY, 100 pp. 


ASCE (1995). ASCE Standard 7-95, Minimum Design Loads for Buildings and Other Structures. 
American Society of Civil Engineers, New York, NY, 214 pp. 


FEMA (1997). "Hurricane Fran in North Carolina - Observations, Recommendations, and 
Technical Guidance." Building Performance Assessment Report 290, Mitigation Directorate, 
Federal Emergency Management Agency, Washington, DC, and Region IV, Atlanta, GA, 86 


Pp. 


ESDU (1995). Data Item No. 92023, Computer Program for Wind Speeds and Turbulence 
Properties: flat or hilly sites in terrain with roughness changes. ESDU International plc, 
London, 29 pp. 


17 


Houston, S.H. and Powell, M.D. (1997). "Surface Wind Fields in 1996 Hurricanes Bertha and 
Fran at Landfall." Paper P1.8, 22nd Conference of Hurricanes and Tropical Meteorology, 
AMS, 19-23 May 1997, Fort Collins, CO, 2 pp. 


Marshall, R.D. (1994). "Manufactured Homes - Probability of Failure and the Need for Better 
Windstorm Protection Through Improved Anchoring Systems." NISTIR 5370, National Institute 
of Standards and Technology, Gaithersburg, MD, 42 pp. 


Marshall, R.D. and Schroeder, J.L. (1997). "Hurricane Marilyn in the Caribbean - Measured 
Wind Speeds and Design Wind Speeds Compared." NISTIR 5987, National Institute of 
Standards and Technology, Gaithersburg, MD, 43 pp. 


Marshall, R.D. and Yokel, F.Y. (1995). "Recommended Performance-Based Criteria for the 
Design of Manufactured Home Foundation Systems to Resist Wind and Seismic Loads." 
NISTIR 5664, National Institute of Standards and Technology, Gaithersburg, MD, 61 pp. 


Mayfield, M. (1996). "Preliminary Report - Hurricane Fran, 23 August - 8 September." 
National Hurricane Center, Miami, FL, 10 October, 1996, 12 pp. 


Powell, M.D., Houston, S.H. and Reinhold, T.A. (1996). "Hurricane Andrew’s Landfall in 
South Florida. Part I: Standardizing Measurements for Documentation of Surface Wind Fields." 
Weather and Forecasting, 11, pp 304-328. 


Saffir, H. and Simpson, R. (1974). "The Hurricane Disaster Potential Scale." Weatherwise, 
August, pp 169-170. 


Simiu, E. and Scanlan, R.H. (1996). Wind Effects on Structures - Fundamentals and 
Applications to Design, Third Edition. John Wiley & Sons, Inc., New York, NY, 688 pp. 


10.0 ACKNOWLEDGMENTS 


The author wishes to acknowledge the interest and support of Mr. Sam H. Houston, 
HRD/AOML/NOAA, in providing information on sources of wind speed data and other 
information relevant to Hurricane Fran and the preparation of this report. Also, the author 
wishes to thank Ms. Nancy Fleegle, NIST Technical Information Contact, for her guidance and 
assistance in the interpretation of NIST guidelines for the preparation of technical reports. 


18 


APPENDIX A 


Compilation of Wind Speed and Pressure Records 
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Figure A-1. Record of mean wind speed and direction, Data Buoy 41002. 
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Figure A-2. Record of gust speed and barometric pressure, Data Buoy 41002. 
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Figure A-3. Record of mean wind speed and direction, Data Buoy 41004. 
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Figure A-4. Record of gust speed and barometric pressure, Data Buoy 41004. 
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Figure A-5. Record of mean wind speed and direction, Folly Island C-MAN, SC. 
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Figure A-6. Record of gust speed and barometric pressure, Folly Island C-MAN, SC. 
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Figure A-7. Record of mean wind speed and direction, Frying Pan Shoals C-MAN, NC. 
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Figure A-8. Record of gust speed and barometric pressure, Frying Pan Shoals C-MAN, NC. 
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Figure A-9. Record of mean wind speed and direction, Kure Beach, NC. 


50 
Kure Beach, NC 
5-6 September, 1996 
Speed - Direction o 
40 
B 30 
q 360 
(77) 
5 20 270 
180 
10 
90 
0 0 
1200 1600 2000 2400 0400 0800 
5 Sept. 1996 Universal Coordinated Time 


Figure A-10. Record of gust speed and direction, Kure Beach, NC. 
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Figure A-11. Record of mean wind speed and direction, Wilmington (ASOS), NC. 
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Figure A-12. Record of gust speed and direction, Wilmington (ASOS), NC. 
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Figure A-13. Record of mean wind speed and direction, North Topsail Beach, NC. 
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Figure A-14. Record of mean wind speed and direction, Cape Lookout C-MAN, NC. 
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Figure A-15. Record of gust speed and barometric pressure, Cape Lookout C-MAN, NC. 
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Figure A-16. Record of mean wind speed and direction, MCAS New River, NC. 
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Figure A-17. Record of gust speed and barometric pressure, MCAS New River, NC. 
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Figure A-18. Record of mean wind speed and direction, MCAS Cherry Point, NC. 
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Figure A-19. Record of gust speed and direction, MCAS Cherry Point, NC. 
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Figure A-20. Record of mean wind speed and direction, Diamond Shoals LS C-MAN, NC. 
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Figure A-21. Record of gust speed and barometric pressure, Diamond Shoals LS C-MAN, 
NC. 
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Figure A-22. Record of mean wind speed and direction, Duck Pier C-MAN, NC. 
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Figure A-23. Record of gust speed and barometric pressure, Duck Pier C-MAN, NC. 


40 


102 


101 


100 


98 
2000 


Wind Direction (degree) 


Barometric Pressure (kPa) 


Chesapeake LS C-MAN, VA 
6 September, 1996 
Speed - Direction » 


E 
i D 
: a 
id 3 
8 
> S 
o 
= 
A 
no] 
A 
S 
0000 0400 0800 1200 1600 2000 
6 Sept. 1996 Universal Coordinated Time 


Figure A-24. Record of mean wind speed and direction, Chesapeake LS C-MAN, VA. 
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Figure A-25. Record of gust speed and barometric pressure, Chesapeake LS C-MAN, VA. 
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_ Figure A-26. Record of mean wind speed and direction, Thomas Point C-MAN, MD. 
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Figure A-27. Record of gust speed and barometric pressure, Thomas Point C-MAN, MD. 
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APPENDIX B 


Adjusted Wind Speeds for Selected Anemometer Sites 


43 


Table ,B-1. Adjusted Sustained Speeds at Selected Sites for Over- 
Water or Over-Land Exposures. 


Station: 


Coordinates (deg): 
Anemometer Ht. (m): 
Max. Observed Mean Speed 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length 
Station: 


Coordinates (deg): 
Anemometer Ht. (m): 
Max. Observed Mean Speed 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length 
Station: 


Coordinates (deg): 
Anemometer Ht. (m): 
Max. Observed Mean Speed 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 
Surface Roughness Length (m) : 


Station: 


Coordinates (deg): 
Anemometer Ht. (m): 


Max. Observed Mean Speed (m/s) : 


Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m 
Surface Roughness Length (m) : 


Station: 


Coordinates (deg): 
Anemometer Ht. (m): 
Max. Observed Mean Speed 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length 


Folly Island C-MAN 


32 a0 Omen 79.88 W 


10 

12.3 (05/1700 Ure 
2 

15.9 (Est. = 1429) 
Liao 

0.00032 


Frying Pan Shoals C-MAN 
33.48 N T1<580 

44.2 

40.6 (05/2100 UTC) 

48.4 (Est. = 49 46) 

Shine 

0.0042 

Cape Lookout C-MAN 


Sa O2uN 26. 32m 


10 

28.8 (06/0300 UTC) 
2 

34.5 (Est. = 358 
30.4 

0.00268 


Diamond Shoals C-MAN 


Sit aN 75.30 0a 


46.6 

29.8 (06/0400 UTC 
2 

33.4 (Est. = 25a 
PA 

CSO 0192 


Duck Pier C-MAN 
36.18 2 75.15 4 
20.4 

2121 (067 OS 00 5UTG) 


2402 \GSie = foe) 


Table B-1 (Cont.) 


Station: 


Coordinates (deg): 

Anemometer Ht. (m): 

Max. Observed Mean Speed (m/s): 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length (m): 
Station: 


Coordinates (deg): 

Anemometer Ht. (m): 

Max. Observed Mean Speed (m/s): 
Averaging Time (minutes): 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length (m): 
Station: 


Coordinates (deg): 

Anemometer Ht. (m): 

Max. Observed Mean Speed (m/s): 
Averaging Time (minutes): 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length (m): 
station: 


Coordinates (deg): 

Anemometer Ht. (m): 

Max. Observed Mean Speed (m/s): 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length (m): 
Station: 


Coordinates (deg) : 

Anemometer Ht. (m): 

Max. Observed Mean Speed (m/s): 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length (m): 
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Chesapeake LS C-MAN 


36.92 N 7D #) 2a 
43.3 

20.6 (06/1000 UTC) 
2 

23147) HES =.024 20) 
18.6 

0.0008 


Thomas Point C-MAN 


3677.0 aN 76.44 W 


18 

LG. Se WOo; 2000nUTC) 
A 

DoD eS Uae | OG 
dipiele 

0.00056 


Data Buoy 41002 
S227 —N Da OW 
oNOae (0571 700m ILC) 


257) (hst r= "257.6) 


Data Buoy 41004 

B 2 59°N Tol aW 

24.2 (Failed 05/1900 UTC) 
32.4 JESt paees 2 )s) 

Dilger 

0.00203 


Kure Beach 


34.00 N DLS TW 


10 

29.8 (06/0000 UTC) 
60 

4220 Cec. =642°. 8) 
35.8 


ORO twee. = 5 O00nm: land) 
+ 0.00407 (water) 


Table B-1 (Cont.) 


a 


Station: 


Coordinates (deg): 

Anemometer Ht. (m): 

Max. Observed Mean Speed (m/s): 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length (m): 


Station: 


Coordinates (deg) : 

Anemometer Ht. (m): 

Max. Observed Mean Speed (m/s): 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length (m): 


Station: 


Coordinates (deg): 

Anemometer Ht. (m): 

Max. Observed Mean Speed (m/s) : 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s) : 


Surface Roughness Length (m): 


Station: 


Coordinates (deg): 

Anemometer Ht. (m): 

Max. Observed Mean Speed (m/s): 
Averaging Time (minutes) : 
Observed Pk. Gust (m/s): 


Est. Max. Sustained Speed @ 10 m (m/s): 


Surface Roughness Length (m): 
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34.27 N TT] 9 


DOSS 


BoA'G 
S0rW 
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GO, 200 
OF LOF 
0 


(06/0049 UTC) 
(Est. = 38.5) 
(Reference) 


x = 800 m (land) 
x = 14000 m (land) 


.00391 (water) 


North Topsail Beach 


34.52 N TT. 3608 


12h 
33.4 


336 
On80, 


(Failed 06/0100 UTC) 
(Est. = 39.72 


x = 100 m (land) 


0.00346 (water) 


MCAS New River (ASOS) 
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29y8 
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3210 
03 


(06/0156 UTC) 
(Est. = 38.79 


(Reference) 
x = 1300 m (land) 


.00304, x = 4000 m (water) 


0 
0% 015 
0 
0 


oO 


(land) 


MCAS Cherry Point (ASOS) 


345 909N 76.88 W 


10 

2 Gp 
2 

34.0 
23 
0.03 
0.037 


(06/0244 UTC) 
(Est. = 35.0) 


(Reference) 
x = 2,000 m (land) 


+ 0.15 (land) 


